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FORMING TOOL APPARATUS 
FOR HOT STRETCH-FORMING PROCESSES 



TECHNICAL FIELD 

[0001] The present invention generally relates to hot stretch-forming of a 
sheet metal blank within a heated and pressurized forming tool apparatus, 
wherein the sheet metal blank is formed against a forming surface of the 
apparatus that defines a final product shape. More specifically, this 
invention pertains to integrally-heated tooling for a hot blow-forming process 
wherein the tooling is structured to minimize heat transfer away from the 
forming surface, and thereby reduce thermal losses of the tooling and 
increase the thermal efficiency of the process. 

BACKGROUND OF THE INVENTION 

[0002] Sheet metal articles are conventionally produced by forming low 
carbon steel or aluminum-alloy sheet stock into desired panel shapes, often 
by conventional room temperature processes such as stamping. Such 
articles, however, can also be produced by hot blow-forming processes that 
use complementary forming tools in a press under the pressure of a working 
gas to stretch-form a preheated sheet metal blank against forming surfaces on 
the forming tools. Such processes are typically known as super-plastic- 
forming (SPF) and quick-plastic-forming (QPF), and are particularly 
applicable to forming blank sheet metal into products of complex three- 
dimensional curvature, such as automotive body panels. 
[0003] In particular, QPF tooling is integrally heated to provide more 
localized heating closer to the workpiece at the forming surface of the 
tooling. Accordingly, QPF tooling includes internal heating elements 
embedded therein to provide the heat necessary to carry out the hot blow- 
forming process. Much of the heat generated by the internal heating 
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elements is efficiently directed toward the forming surface as intended. 
Some heat, however, is lost via thermal conduction through the tooling and 
into the press to which the tooling is attached. Also, some heat is lost via 
thermal radiation from the tooling and into the surrounding ambient shop 
environment. Thus, it is an object of this invention to provide tooling for a 
hot blow-forming process that is structured to minimize thermal losses of the 
tooling and thereby increase the thermal efficiency of the process. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides an improved apparatus for hot 
blow-forming of a sheet metal blank, wherein integrally-heated tooling is 
structured to minimize heat transfer from the tooling to a press or to a 
surrounding ambient environment, thereby reducing thermal losses of the 
tooling and increasing the thermal efficiency of the process. More 
specifically, the present invention provides a cellular structured forming tool 
having internal insulation to limit thermal radiation and convection losses and 
further having counterbore passages in a rearward surface for accepting 
thermally insulative support posts, thereby limiting thermal conduction 
losses. 

[0005] In accordance with a preferred embodiment of the present 
invention, the apparatus includes a forming tool that is cast from a suitable 
alloy such as P20 steel. The forming tool is provided with a forwardly 
disposed shell, which is preferably about four to six inches in thickness, and 
a plurality of support walls that are preferably about two to three inches in 
thickness. The support walls include four perimeter walls, and a pattern of 
intersecting interior walls that extend longitudinally rearward from the shell 
and between the perimeter walls to provide support for the load of the 
forming process on the tooling. A forward surface of the forming tool is 
finish machined to define the final part surface geometry desired. Also, 
holes are drilled laterally through the shell and through some of the web 
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walls to provide passages into which electrical resistance heating elements 
are inserted to integrally heat the forming tool. 
[0006] The intersecting web walls define open cavities or cells 
therebetween. Insulation is packed into the open cells to provide resistance 
to thermal radiation and convection within the discontinuous body of the 
forming tool. In a rearward surface of the forming tool at the intersections 
of the intersecting interior walls, there are provided blind passages that are 
formed or machined therein. A plurality of low thermal conductivity load- 
bearing support posts are correspondingly inserted and attached within the 
counterbores and extend beyond a rearward surface of the forming tool along 
with the insulation. It is contemplated that insulation panels could be 
attached to the outer periphery of the forming tool. 
[0007] The entire forming tool is then fastened to a plate, such as an 
intermediate mounting plate or a platen of a press bed or ram such that 
rearward surfaces of the support posts mount against the plate and insulation 
is interposed between the rearward surface of the forming tool and the plate 
to reduce radiation and convection of heat therebetween. One or more strips 
of stainless steel are fastened to the sides of the forming tool proximate the 
rearward surface thereof, to protect and encase the insulation. 
[0008] Compared to the prior art, the present invention provides an 
integrally-heated forming tool that is more thermally efficient, such that the 
energy needed to maintain the tool at its working temperature is lower than 
ever before possible with SPF and QPF systems. First, the forming tool is 
provided with a cellular body portion to minimize heat transfer away from 
the forming surface of the forming tool, such as in a rearward direction 
toward the press. Second, insulation is packed within cavities of the cellular 
body portion to reduce thermal convection and radiation therein and away 
from the shell. Third, the rearward surface of the forming tool is provided 
with blind passages therein to accommodate use of relatively longer support 
posts, which tend to enhance resistance to thermal conduction between the 
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forming tool and press. Accordingly, better thermal insulating properties of 
the forming tool increases the energy efficiency of the hot blow-forming 
process and thereby decreases associated energy costs, which permits 
production of lower cost parts. 

[0009] Other objects and advantages of the invention will become 
apparent from a detailed description of preferred embodiments of the 
invention which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a plan view of a forming tool apparatus for a hot blow- 
forming process in accordance with an embodiment of the present invention; 
and 

[0011] FIG. 2 is an offset cross-sectional view, in elevation, of the 
forming tool apparatus of FIG. 1, taken along offset line 2-2 thereof. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0012] The continued use of hot stretch-forming processes, as applied to 
suitably formable aluminum sheet metal alloys for automotive vehicle body 
panels and the like, has led to improvements in the functionalities and 
features of forming tools for such processes. The improvements started with 
relatively slow SPF practices with fine grain, magnesium-containing, 
aluminum alloys and such improvements have led to faster forming practices 
like QPF. Accordingly, double-action forming tools, and integrally-heated 
and externally-insulated forming tools have also been developed for stretch- 
forming of aluminum sheet metal alloys. Such integral heating technology 
has necessitated the development of sophisticated exterior insulation 
packages for forming tools to reduce heat loss and energy usage. 
Nonetheless, there remains room for improving the thermal efficiency of 
QPF tools. Thus, the present invention provides a forming tool structure 
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having improved insulative properties that are believed to reduce heat losses 
by about 50% or more, as exemplified by the embodiments described below. 
[0013] Figure 1 illustrates a hot stretch-forming tooling apparatus or 
assembly 10 that is adapted for attachment to an unheated mounting plate or 
platen 12 of an unheated press (not shown) in accordance with an 
embodiment of the present invention. The apparatus includes an integrally- 
heated forming tool 14 in accordance with another embodiment of the 
present invention. As shown, a mounting plate 13 may be interposed 
between the platen 12 and forming tool 14. Accordingly, the forming tool 
assembly 10 can be pre-mounted to the mounting plate 13 so that the 
mounting plate 13 and forming tool assembly 10 can be handled as one unit 
and conveniently mounted to the press platen 12. Alternatively, it is 
contemplated that the forming tool assembly 10 could be mounted to the 
press platen 12 without using the intermediate mounting plate 13. 
Therefore, as defined herein, the mounting plate 13 and platen 12 are 
synonymous in that both refer to plates to which the forming tool assembly 
10 may be attached. 

[0014] In any case, the forming tool 14 may be composed of any suitable 
tool grade metal that exhibits durability at SPF or QPF temperatures, for 
example 450-500°C. Preferably, however, the forming tool 14 is cast from 
a suitable tooling alloy, such as P20 steel or the like. Alternatively, the 
forming tool 14 may be machined from a billet of P20 steel or the like. As 
will be described in more detail below, the forming tool 14 is structured in a 
cellular arrangement that is similar in concept to a honeycomb structure. 
[0015] Referring to Figure 2, the forming tool 14 includes a layer of 
predetermined thickness, or shell 16, having a forwardly disposed forming 
surface 18 of the forming tool 14 that is finish machined to define the final 
part surface geometry desired. The shell 16 is preferably four to six inches 
in thickness to provide suitable support to the forming surface 18. The shell 
16 also includes holes 20 that are laterally drilled, cast, or otherwise suitably 
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produced through the shell 16 to provide passages into which electrical 
resistance heating elements 22 are embedded to provide the integral heating 
source and heat for the hot stretch- forming process. The holes 20 are 
preferably about 3/4 inches in diameter, are spaced about three inches apart 
from one another, and are all approximately centered between the forward 
forming 18 surface of the shell 16 and a rearward surface 24, which is 
disposed substantially opposite of the forming surface 18. 
[0016] Referring to Figure 1, the forming tool 14 also includes 
structures, such as support walls, that are defined by four exterior walls 26 
and a pattern of intersecting interior walls 28, all of which are preferably 
about two to three inches in thickness. As better shown in Figure 2, the 
support walls 26, 28 are integral with, and extend longitudinally in a 
rearward direction away from, the rearward surface 24 of the shell 16, and 
terminate to define a rearward surface 30 of the forming tool 14 itself The 
support walls 26, 28 provide longitudinal support for the process loads on 
the forming tool 14 and include holes 32 that are drilled, cast, or otherwise 
suitably produced, laterally therethrough for receiving the heating elements 
22 therein. Referring again to Figure 1, the support walls 26, 28 all 
intersect to define open cavities or cells 34 therebetween to thereby define a 
cellular or honeycomb geometrical structure of the forming tool 14. 
Moreover, the interior walls 28 intersect to define interior, four-way 
intersections 36. Preferably, the intersections 36 are cylindrically-shaped 
and are about 3.5 inches in diameter. Blind passages or counterbores 38 of 
about two to three inches in diameter are drilled, bored, cast, or otherwise 
produced in the rearward surface 30 (Fig. 2) of the forming tool 14, 
preferably at the intersections 36 of the interior walls 28. 
[0017] Referring to Figure 2, a plurality of low thermal conductivity 
load-bearing support posts 40 are correspondingly inserted and attached 
within the counterbores 38 and extend beyond a rearward surface 30 of the 
forming tool 14. The support posts 40 are preferably spool-shaped and have 
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a maximum outer diameter that is less than the inner diameter of the blind 
passages 38 in the forming tool 14. The support posts 40 are preferably 
composed of a relatively thermally insulative material, such as a heat-treated 
Inconel® 718, a ceramic composite, or the like. The sizes of forming tools 
are dimensionally constrained in a longitudinal direction by a limited 
"daylight" dimension of the press. Daylight refers to the maximum clear 
distance available between the opposing bolster plates of a press when the 
press ram is in a fully usable open position. Therefore, prior art forming 
tools can accommodate only relatively short thermally insulative support 
posts, which are about about three to four inches in length, disposed between 
a bottom of a forming tool and a bolster plate. The present invention, 
however, provides the counterbored rearward surface 30 of the forming tool 
14 to enable use of relatively longer support posts 40 having lengths of six 
inches or greater for an increase in length of 100% or more. As a result, 
thermal conduction losses through the forming tool are reduced, perhaps by 
50% or more. This is because the support posts 40 have lower thermal 
conductivity than the forming tool material and because use of longer support 
posts translates into greater dissipation of thermal conductivity so that less 
heat is conducted and lost through the forming tool 14 and into the press 
platen 12. 

[0018] Insulation 42 is packed into the cells 34 to provide resistance to 
thermal radiation and convection within the cellular body of the forming tool 
14. The insulation 42 may also extend rearwardly of the rearward surface 
30 of the forming tool 14 as shown. It is contemplated that exterior 
insulation panels could be attached to the lateral exterior of the forming tool 
14. The insulation 42 may be any suitable type of thermal insulation, but is 
preferably a fibrous blanket insulation product that is readily commercially 
available, such as Cer-Wool RT available from Premier Refractories and 
Chemicals, Inc. of King of Prussia, PA. 
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[0019] The electrical resistance heating elements 22 are embedded within 
the forming tool 14, such as being inserted within the drilled holes 20, 32 
from one end or side of the forming tool 14 to another. The heating 
elements 22 are suitably connected to an electrical power delivery and 
control system (not shown) to thereby provide an integral heating source and 
heat that is capable of maintaining suitable forming temperatures for the hot 
blow-forming process. Although the majority of the heating elements 22 are 
embedded in the shell 16 proximate the forming surface 18 of the forming 
tool 14, several heating elements 22 are located a predetermined distance 
away from the forming surface 18 in the support walls 26, 28. Locating 
heating elements 22 in the shell 16 and in the cellular body of the forming 
tool 14 distally from the forming surface 18 ensures that both the forming 
surface 18, as well as the cellular body portion of the forming tool 14, are 
maintained at a predetermined uniform temperature. Such uniformity of the 
temperature throughout the forming tool 14 tends to provide more uniform 
process temperatures and to prevent warping of the forming tool 14 during 
heat-up and at elevated temperatures. 

[0020] The entire forming tool 14, including support posts 40 and 
insulation 42, is preferably fastened to the mounting plate 13 which, in turn, 
is fastened to the platen 12 of a press bed or ram (not shown) such that the 
rearward surfaces 30 of the exterior walls 26 are about an inch away from 
the mounting plate 13. The forming tool 14 may be fastened to the mounting 
plate 13, and the mounting plate 13 to the platen 12, by any suitable means 
such as nut and bolt fasteners 43, or the like. Moreover, the forming tool 14 
is mounted such that rearward surfaces 44 of the support posts 40 mount 
against the mounting plate 13, and so that the insulation 42 is interposed 
between the rearward surface 30 of the forming tool 14 and the mounting 
plate 13 to reduce radiation and convection of heat therebetween. One or 
more strips 46 of stainless steel are attached to the lateral exterior of the 
forming tool 14, proximate the rearward surface 30 thereof to cover the gap 
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and protect and confine the insulation 42. The strips 46 are preferably about 
1/16 of an inch thick or less and are fastened to the forming tool 14 such as 
by sheet metal screws or the like (not shown). 

[0021] It should be understood that the invention is not limited to the 
embodiments that have been illustrated and described herein, but that various 
changes may be made without departing from the spirit and scope of the 
invention. Accordingly, it is intended that the invention not be limited to the 
disclosed embodiments, but that it have the full scope permitted by the 
language of the following claims. 



